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© Proximity sensing apparatus. 

© A device for measuring the distance to a surface (662) comprises first and second energy detecting means 
(630, 650) with said energy detecting means having an optical distance (L) with respect to each other. Said 
optical distance (L) is controlled by lenses (635, 652) of appropriate focal length placed in the radiation path of 
said detecting means. Energy transmitting means (512) serve to illuminate said surface (662) with radiation of a 
first frequency. By evaluation of the phase shift between the output signals (643, 668) of both energy detecting 
means (630, 650) the distance to the remote surface can be detected. 
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Proximity Sensing Apparatus 


The present invention relates to an apparatus according to the preamble of cla.m 1 as described and 
shown in the prior European patent applications EP-A 0 213 544 and 0 252 209. „ , „• „ 

Tis often P desirab.e to be able to determine the distance to a surface or object without actually -touching 
the surface or object itself. In the field of process controls, for example, it may be desirable to determine 
5 the placement of machine parts, materials, sheets, or irregularly shaped^ objects without :tm* , tape 
measures, rules, or other normal contact like devices. In the field of photography rt is des.rable to be able to 
automatically focus the camera on objects at a remote distance from the camera. 

Many optical devices have been devised in the prior art for determining the distance to such remote 
objects, most of which have been based upon the principle of triangulation wherein light reflected from the 
,o obect travels over two separate paths so as to be received upon spaced apart detectors and the ^ images 
they produce compared to determine the distance to the remote object. In other devices a bea* of energy 
is transmitted to the object and the return energy is either measured for the angle in which . the reflection 
occurred or the time elapsed from the sending to receiving of the energy. EP-A 0 183 240 discloses a 
surface position sensor in which a beam of energy is reflected from a surface and passed through an 
is aperture so as to be received along the length of the detector at a position corresponding to the surface 
position. Other examples of surface position sensors and similar apparatus in the prior art may be seen in 
US-A 2 651 771. 4,065,778. 4,479,706 and 4,473.285. . 

One major difficulty with triangulation type systems is that they must have very tight mechan.cal 
tolerances which makes them more costly to build and require more care in handling and use than may be 
20 desired The systems which time a beam from transmission to reception are very costly. extreme^ complex 
and usually quite large. Ultrasonic types have the additional problem of being subject to interference in 
factory conditions and being quite bulky. 

It is therefore the object of the present invention to provide a compact, simple, accurat, and mexpensiye 
distance sensing apparatus without utilizing the triangulation or timing techniques of the prior ^ art ^This 
2S object is achieved according to the characterizing features of claim 1. Further advantageous embodiments 
of the inventive apparatus may be taken from the subclaims. 

The present invention uses one radiation transmitting means and two detector means displaced with 
respect to each other, where the displacement is achieved by optical means, in particular lenses arranged 

3 o m ^Unde^ referer^e to the figures of the attached drawing, the inventive apparatus shall be further 

described, where 

Figure 1 shows a schematic diagram of a sensing apparatus; 

Fioure 2 shows a vector diagram of the fluxes produced by the energy sources of Figure 1 ; 
Figure 3 is a graph showing the variation of phase angle of the resultant energy in degrees with the 
35 surface distance in millimeters; 

Figure 4 is a schematic diagram of an alternate sensing apparatus; 

Figure 5 is a vector diagram of the fluxes produced by the energy sources of Figure 4; 

Figure 6 shows a device for correcting a problem that may arise with highly specular surfaces; - 

Figure 7 shows an alternate embodiment for the transmitting and receiving elements in the form of a 

40 fiber optic probe; 

Figure 8 is an enlarged cross-section view of the probe of Figure 7; 
Figure 9 is an embodiment for use as a switching proximity sensor; 
Figure 10 is a schematic diagram of another preferred embodiment; 

Figure 11 shows an embodiment of the present invention in which optical distances are substituted 

45 for actual distances; 

Figure 12 shows a detector arrangement; 
Figure 13 shows a side view of Figure 12; 
Figure 14 shows an alternate detector arrangement; 
Figure 15 shows a side view of Figure 14; 
so Figure 16 shows another alternate detector arrangement; and 

Figure 17 shows a side view of Figure 16. 
A first energy projecting device 12 which, in the preferred embodiment, is an infrared emitting LED. is 
shown located at the unknown distance R from the surface 10 and projects a beam of infrared energy over 
paths such as shown by lines 14 and 16 to the surface 10. A second energy projecting device 18 which is 
also in the preferred embodiment, an infrared emitting LED. is shown located more remote from surface 10 
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than LED 12 by a predetermined distance L. LED 18 is shown above and behind LED 12 so as to send a 
second beam of infrared energy along paths such as shown by lines 20 and 22 to the surface 10. The 
beams of energy from LEDs 12 and 18 are shown to overlap on the surface 10 in the area between points 
24 and 26 which, of course, also extends into and out of the plane of FIGURE 1. Energy from this area is 

s reflected off the surface 10 along paths such as shown by dashed lines 28 and 30 through an aperture 
shown by reference numeral 32 to an energy responsive detector 34 which, in the preferred embodiment, is 
a photo diode preferably a silicon photo detector which is responsive to infrared energy. 

An oscillator 40 is shown in FIGURE 1 operable to produce an output on a line 42 which is of 
predetermined frequency and which is in turn presented to a driver amplifier 44 through lines 46 and 48. 

70 The output of amplifier 44 is presented over a line 50 to drive LED 12.at a first frequency and phase. The 
signal on line 42 is also presented to a phase shifter 52 via line 54 so that the signal from oscillator 40 is 
shifted by a predetermined amount. This phase shifted signal is present via line 55 to a second driver 
amplifier 56 which in turn presents the phase shifted signal along a line 58 to drive LED 18 at the first 
frequency but at a second phase. Thus, it is seen that LED 12 and LED 18 are both driven at the frequency 

75 of oscillator 40, but the phase of the energy produced by LED 1 8 is shifted with respect to the phase of the 
energy produced by LED 12. it should be understood that the amount of phase shift is not particularly 
critical to the present invention (although, with larger phase shifts, i.e. 120 degrees to 180 degrees, the 
sensitivity to range changes tends to increase), nor is the frequency of oscillator 40 or the distance L, these 
values being chosen by those skilled in the art for best performance. In one experiment, the frequency was 

20 chosen to be 10 KHz, L was 40 mm and the phase shift was a large angle between 120 degrees and 180 
degrees. 

The reflected energy from the area between points 24 and 26 and detected by detector 34 will be a 
vector summation of the fluxes produced by the LEDs 12 and 18. More particularly, if I, is the radiant 
• intensity of LED 12, then the flux density E, from LED 12 is: 

25 

E 1 = (1) 

R2 

30 

Similarly, if I, is the radiant intensity of LED 18. then the flux density E 2 form LED 18 becomes: 


35 


40 


46 


50 


55 


12 

E 2 = (2) 

(R + L) 2 

If detector 34 has an area Q and if the aperture 32 is such that the detector subtends an angle W, then 
the flux F, received by the detector from LED 12 is: 

KWQ 

Pi = Ei x (3) 


Where K is the fraction of radiation reflected from the surface 10. 
Substituting equation 1 : 

Ii KWQ 

Fx = X (4) 

R 2 tt 

Likewise, the flux F 2 received by detector 34 from LED 18 is: 
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K WQ 

F, = E, * (5) 

IT 

Substituting equation 2: 


12 


KWQ 


F 2 = 


(6) 


(R + L) 


TO 
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30 


It is seen from equations 4 and 6 that the flux received by the detector is related to the distance, R, to 
the remote surface and if the factor K were constant, the measurement of F, or F, would produce an 
indication of the unknown distance R. K is. however, dependent upon the quality of the surface 10 and is 
not constant. Accordingly, measurement of the fluxes F, and F s will only be acceptable if K can be made to 
drop out. For example, if the ratio of F, and F s is taken, K and also WQ and -n drop out by the cancellation 
effects of division. Accordingly, I can obtain an output indicative of the distance R by measuring a ratio of F, 
and F a . In a prefered emdodiment I obtain an expression which involves this ratio by measuring the phase 
of the signal received by detector 34. 

Since the LEDs are modulated by the same frequency but the phase of one is shifted with respect to 
the other by an amount <*> which, as described above in a preferred embodiment is a fairly large angle , 
then the total flux received by detector 34 is the vector sum of F, and F» as is shown, for example, in 
FIGURE 2 of the drawings. In FIGURE 2. the flux received by detector 34 from LED 12 is shown as an 
arrow 60 extending to the right and labelled F,. The flux received by detector 34 from LED 18 is shown in 
FIGURE 2 as an arrow 62 extending to the left at a large angle 6 labelled 64 about 170 degrees from arrow 
60 and labelled F 2 . 

The resultant vector is shown by an arrow 66 in FIGURE 2 and this lies at an angle 68 labelled <*> in 
FIGURE 2. This resultant vector 66 will be the magnitude and phase of the signal produced, by detector 34 
when it is set to view the area between points 24 and 26 on surface 10 and, as will be explained, 
measurement of angle 4> produces an indication of the distance R as desired. More particularly, from 
FIGURE 2 it can be shown that the tangent of phase angle 4> for the resultant flux vector 66 is: 


35 


*2 


Sin Q 


(7) 


+ Cos Q 


40 


and because the denominator involves the ratio 


V 

45 the undesirable variable K as well as the constants W, Q and n drop out. By substitution of equations 4 and 
6 into equation 7, the phase angle <t> can be expressed as: 


50 


-1 
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0 = tan 


55 


Sin Q 


I X (R + L) ^ 

— x + Cos 6 

I 2 R2 


(8) 


It is seen from equation 8 that the factors KWQ and have all dropped out leaving the phase angle 4> 
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related <jnly to the ratio of the radiant intensities of the LEDs, the sin and cosin of the known phase shift, the 
known distance L. and the unknown distance R. Thus, <t> will vary with R in a somewhat non-linear fashion 
as is best seen in FIGURE 3. ' 

Of course, other ways of dividing or ratioing the fluxes F, and Fa to eliminate the factors K, W, Q, and ■* 

s will occur to those skilled in the art. For example, while I have shown both LEDs 12 and 18 operating 
simultaneously, thsy can be operated by switches in series so that the surface 10 is first illuminated by LED 
12 and then by LED 18. In this event, the output of detector 34 could be presented to a sample-and-hold 
circuit (not shown) which would hold one signal until it received the next and then compare them in a 
manner similar to that described. The vector resultant would not appear at any one time at the output of the 

70 detector 34 but would be derived by downstream apparatus which would take the ratio of the series signals 
from the detector. 

In FIGURE 3, a graph showing different phase angles for the resultant vector 66 of FIGURE 2 compared 
with the distance R to the surface 10 with various amounts of phase shift is depicted. In Figure 3, 


75 



is 0.3 and L is 40 millimeters. The solid line shown by reference numeral 70 represents the curve wheathe 

20 

phase shift is 1 70 degrees. The dashed line 72 shows the variation when the phase shift is 1 60 degrees, the 
solid-dash line 74 shows the variation when the phase shift is 140 degrees, and dotted line 76 shows the 
variation when the phase shift is 120 degrees. The preferred embodiment uses a large phase shift since the 
curve, at the upper end of the measurement, has the greatest variation. Other factors involved, however, are 
the distance L and the radiant intensities of LEDs 12 and 18. Accordingly, it will be best to choose the 
desired values in accordance with the desired output for a particular use. 

While FIGURE 3 shows variations only between 0 and 200 millimeters for the distance R, it should be 
understood that the variation can be extended much further and surfaces up to a number of yards from the 
detectors can be measured with a fair degree of accuracy. Furthermore, when used for camera autofocus, it 
has been found that a curve such as solid line 70 fairly closely approximates the curve that is found when 
lens motion is plotted against distance to remote object In other words, the lens moves in the camera by a 
non-linear amount which, at the larger distances approaches a flat curve since camera focus beyond several 
yards is substantially at infinity. Because of this approximation, by properly choosing the phase shift, a 
direct drive between the distance measuring circuit as shown in FIGURE 1 and the camera lens can be 
produced. It would not then be necessary to provide any characterized means to adjust the amount of 
camera lens motion for changes in distance since the output of the device of FIGURE 1 would, approximate 
this without characterization. 

I have also found that if the phase shift is made 180 degrees, then the curve of FIGURE 3 approaches a 
verticle line at a surface distance which depends upon the ratio 

40 



46 and L This feature would find use in rapidly indicating whether a surface were closer or further than a 
predetermined amount or, for example, on automobiles, to sound an alarm when an object was closer than 
a preset minimum. Such a circuit will be described in connection with FIGURE 9. 

Returning to FIGURE 1 , the output of detector 34 which is indicative of the resultant flux vector 66 of 
FIGURE 2, is presented to an amplifier 80 by two conductors 82 and 84. The output of amplifier 80 is 

60 connected to the negative input thereof by conductor 86, a conductor 88, a resistor 80, and a conductor 92 
for a feedback loop such as is commonly used for an operational amplifier. Conductor 86 is also connected 
to a phase. detector 94 which receives a reference input from oscillator 40 via conductors 42, 46, and a 
conductor 96. Phase detector 94 operates to determine the phase angle <t> of FIGURE 2 in order to produce 
an output representative of the function of equation 8 above. This output is seen on a conductor 98 which is 

55 presented to a microprocessor 100 for purposes of solving equation 8 and producing an output on a 
conductor 102 representative of the unknown distance R as desired. Of course, where the apparatus is 
driving a camera lens, the microprocessor 100 may not be necessary since, as explained above, the output 
from the phase detector following the non-linear curve for example 70 in FIGURE 3 may be sufficient to 
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directly drive the camera lens. Many autofocus circuits already employ a m.croprocessor however and the 
ouTput from phase detector 94 can therefore readily be used with that "J 0 "*™*"^^ 
autofocus signal. Likewise, when the phase shift is 180 degrees, the output from phase detec toM«lte 
abrupt and a micro processor would not be required. In industrial process appl.cat,ons. the output 102 may 
be used to control the position of a robot arm or other device necessary to perform a desired function on 
the surface 10 or just to make sure it is within the proper range of distances for assembly line work 

tn the above-described apparatus, it is seen that a very accurate measurement of the , distanoe , to a 
remote surface can be made with inexpensive and easily available components connected ,n a .simple and 
TJTnt ^ mlLr without need for close mechanical tolerances and which will not be bulky or costly 
^ ese des^abte effects are produced by the measuring of the phase angle of the resultant lux vector. It 
Sould be understood that other techniques to take the ratio of F, and F, or other ways to ^ produce a 
resultant flux vector may be devised by those skilled in the art. as for example, the schematic d.agram of an 

alternate embodiment shown in FIGURE 4. ^--..raH a first 

In FIGURE 4. a diffuse surface 1 10 is shown to which the unknown d.stance R .s to be measured. A first 
source of energy 112 which, like in FIGURE 1, may be an infrared LED is shown projecting abemj 
energy along paL such as 114 and 116 to the surface 110. A second energy source 118 is shown send ng 
te b l S Paths such as 120 and 122 to the surface 110. A third energy source 124, which may also 
be an^frared LED is shown sending its beam along paths such as 126 and 128 to the surface 110 As 
• seen in fTgURE 3. LEDs 112 and 118 are located the unknown distance R from surface 10 whereas the 
third LED 124 is located more remotely than the other two LEDs by a known distance L. Aswrth FIGURE 1 
the three LEDs project their energy onto the wall in such a way that there .s an area between pomts 130 

^Zw^Zzce 110 is reflected back along paths such as shown by dashed lines 134 and 136 
through an aperture shown as a tubular member 138 to a detector 140 sensitive to the 
the LEDs. Aswith FIGURE 1. detector 140 may be a photo diode such as a silicon photo detector sensrtve 
to infrared energy. As with FIGURE 1. tubular member 138 acting as an aperture restricts the reflected 
enerqy to a solid angle W and detector 140 will have a detection area Q. 

^ oscillator 150 in FIGURE 3 produces a signal of predetermined frequency on a line 52 wh.ch is 
ores^ted fi S to a 180 degree phase shifter 154 whose output on line 156 is presented to a driver amphfier 
%T?LV£L» a dnving'signa. on line 160 to the LED 124 at the fixed ™* * 

shifted 180 degrees with respect to the output of oscillator 150. The output of oscillator 1 50 on line 152 s 
alsrpresented by way of a line 162 and a line 164 to a second driver amplifier 166 whose output is 
c^neS by way of a line 168 to the input of LED 118. Accordingly. LED 118 is driven by a signal which 
is aHhe same frequency and phase as the output of oscillator 150. A third path for the output o i oscMlator 
50 is via line 152 line 162. a line 170, and a line 172 to a second phase shifting de vice 174 whicl h shifts 
the phase of the signal from oscillator 150 by 90 degrees. The output of phase shifter 174 on a line 76 s 
present to a third driver amplifier 178 whose output on a line 180 drives LED 112 The .nput to LED^ 11 2 is 
Sore of the same frequency as the oscillator 150 but with a phase which has been shifted 90 degrees 

" th "hHreV between points 130 and 132 on surface 110 which receive beams from all three LED* ^as was 
the case in FIGURE 1. reflects energy, the vector sum of which is detected by detector 140. H _tne , signaJ 
from LED 118 which is in phase with the oscillator output 150 is F,. thus vector is shown in F, G URE j>^ a " 
Sow 190 extending to the right. The signal from LED 124 which is 180 degrees out of ^ phase wrth the 
osdLor 150 is the signal F, seen in FIGURE 5 as an arrow 192 extending to the left and 

; of phase with the arrow 190. The flux from LED 112. R. is shown in FIGURE 5 as an arrow 194 extending 
upwardly and 90 decrees out of phase with respect to arrow 190. In FIGURE 5. the difference between flux 
F ^ fUs shown I an arrow 196 extending to the right in phase with the arrow 190. The resultant vector 
shown as arrow 198 Is the diagonal constructed between arrow 196 and 194 and represents the resultant 
flux from the three sources of energy, LEDs 112, 118. and 124. 

, The phase angle * between the resultant vector 198 and flux vector 190 is measured and as will be 
shown is representative of the distance R. More particularly, with the solid ang e W subtended by the 
detector 140 having an area Q and with the intensity of radiation I, from LED 118, the flux density E, 
therefrom is given by the equation: 


55 
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II 

E 1 = — (9) 

Similarly, with l 2 the radiant intensity of LED 124, then the flux density E, therefrom is given by the 
equation: 

12 . 

E 2 = (10) 

(R + L) 2 

5 Likewise, with l 3 the radiant intensity of LED 112, then the flux density Ei therefrom is given by the 
equation: 

E 3 = — (11) 
R 2 

As with the analysis of FIGURE 1, the reflected flux from the output of LED 118 will be given by the 
25 equation: 

KWQ I 1 KWQ 

Fi = Ei x = — x (12) 

30 ir r2 tt 

Similarly, the flux reflected from surface 10 that originated at LED 124 will be given by the equation: 

36 KWQ 1 2 KWQ 

F 2 = E 2 x = x (13) 

7T (R + L) 2 7T 

40 

and the flux reflected from surface 110 originating at LED 1 12 will be given by: 

KWQ I 3 KWQ 

45 F 3 = E 2 x = — x (14) 

ir r2 ir 

From FIGURE 5, the resultant flux given by arrow 1 98 can be shown to be given by the equation: 

SO 
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-1 


13 
R2 


0 = can 


R2 


12 


(15) 


(R + L) 2 


It is thus seen again that <t> will be related to R since K, W, Q and * have cancelled out and R is the 
only variable in the equation through a non-linear relationship similar to that seen in FIGURE 3- 

Returning again to FIGURE 4, the resultant flux received by detector 140 produces an output signal on 
lines 200 and 202 to an amplifier 204 having an output on line 206. The output 206 is connected by a line 
208? a resistor 210 and a line 212 back to the negative input of amplifier 204 for . feedback ^circuit 
characteristic of operational amplifiers. The output line 206 is also connected to a Fjase detec *r 214 which 
has a reference signal from oscillator 150 presented thereto via lines 152. 162. 170, and a line 216^ Phase 
detector 214 produces an output which is related to the angle * and thus to the unknown distance R which 
appears on output line 218 presented to a microprocessor 220 which produces an output to any suitable 
uflKzation apparatus on a line 222. As mentioned before, it is possible to simulate the general curve 
structure for the camera lens motion with respect to distance and thus with camera autofocus system, 
microprocessor 220 may not be necessary. Since many cameras already have a microprocessor, however 
it may be desirable to utilize the output from the phase detector through the microprocessor to position the 

Cam when n the surface such as 10 or 110 is highly specular, the return signal will appear to have originated 
from a source which is twice the distance from the detector as the surface 10 or 110 is. With respect to the 
specularly reflected energy the phase of the resultant vector would be given by the equation: 


40 


45 


50 


55 


-1 


<& - tan 


Sin fl 


I X (2R + L) 2 

x — + COS <J 

12 4r2 


(16) 


and the system would work perfectly well on specular surfaces with this new-equation. Where, however, the 
surface to be measured is a mixture of specular and diffuse then some arrangement for removmg the 
specular reflection may be desirable. FIGURE 6 shows the detectors of FIGURE 1 with a correction 
apparatus for removing the specular part of a mixed signal. In FIGURE 6. the LED 12 is shown presenting 
its beam along paths such as lines 14 and 16 through a polarizer 250 which polarizes the energy from LED 
12 in a first direction shown by arrows 252. In similar fashion, the energy from LED 18 presents its beam 
along paths such as lines 20 and 22 through a second polarizer 254. her polarized in the same direction as 
polarizer 250 as shown by arrows 256 or 180 degrees oposite. 

The detector 34 receiving reflected energy along paths such as shown by dashed line 28 and 30 
receives them through an analyzer 260 which is polarized 90 degrees with respect to the directions of 
polarization of polarizers 250 and 254 as shown by arrows 262. The effect of analyzer 262 then is to 
remove the polarized light that is coming from LEDs 12 and 18. as would be the case with a specular 
surface, but not to remove the diffuse light coming off of the surface, which is not polarized. Accordingly, 
the reception by the detector 34. although perhaps of lesser magnitude than was the case in connection 
with FIGURE 1. will still be only that portion of the signal which is diffuse in nature and accordingly will be 
analyzed by the system of FIGURE 1 in the same manner as previously described. 

The present invention also can be utilized to improve the operation of apparatus presently ava.lable m 
the prior art. For example, a fiber optic sensor manufactured by Mechanical Technology Incorporated and 
identified as the MTI 1000 transmits light through a fiber optic probe to a target surface and light reflected 
from the target back through the probe is converted into an electrical signal proportional to the distance 
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between the probe face and the target by measuring the amount of flux returned from the surface. Less flux 
indicates larger distances while larger flux indicates smaller distances. The difficulty with the unit is that it 
must be calibrated for each surface that it encounters. The present invention is not so sensitive to the 
quality of the surface and need not be calibrated with each new surface it encounters. Accordingly, in 

s FIGURES 7 and 8 a fiber optic probe 300 for use in applications like the MTI 1 000 is shown. Probe 300 
comprises three concentric layers of fiber optic elements with the center layer 302 and an outer layer 304 
operating as radiation emitters and the middle layer 306 operating as the detector. The radiation emitting 
layers 302 and 304 should have a relatively high numerical aperature (NA) so that energy is transmitted to 
the surface in a relatively wide beam thus allowing both emitting elements to illuminate a predetermined 

ro area on the remote surface. The energy receiving layer 306 should have a relatively low NA so that energy 
is received in a more narrow beam from that predetermined area of the surface. The inner layer or core 302 
is labelled "C" and is surrounded by a concentric middle layer 306 which is labelled "B" and which, in turn, 
is surrounded by the concentric outer layer 304 which is labelled "A". The three layers each comprise a 
bundle of small individual fiber optic elements to form a cylindrical probe. As seen in FIGURE 7, the inner 

.75 or core layer 302, labelled C, is bundled at the right end so as to receive energy from a first light emitting 
diode 310 which is energized from an input shown by arrow 312 to produce radiation, visible or preferably 
infrared, throughout the bundle of fiber elements in inner or core layer 302. In similar fashion the outer layer 
304, labelled A, is bundled at the right end so as to receive energy from a second light emitting diode 320 
which is energized from an input shown by arrow 322 to produce radiation along the outer layer of fiber 

20 optic elements 304. The middle layer 306, labelled B, is shown bundled at the right end to be adjacent to a 
radiation detector 330 which receives radiation from middle layer 306 to produce an output on lines 332 and 
334 for use by the electronics such as is shown in connection with FIGURE 1 . It is noted that the inner layer 
302 extends beyond the outer layer 304 by a distance L in FIGURE 7 which corresponds to the distance L 
described in connection with FIGURE 1 so that the same operation as was explained in connection with 

26 FIGURE 1 takes place. More particularly, LED 310 and LED 320 will transmit light at the same frequency 
but phase shifted preferably by a rather large angle so that the light emitted from the inner layer 302 
traveling along lines such as shown by dash lines 340 and 342 will Illuminate a region of the remote surface 
350 between points 354 and 356. Similarly, light from the outer layer 304 traveling lines such as shown by 
dash lines 360 and 362 will also illuminate the area between points 354 and 356. Light reflected back from 

30 this area along lines such as shown as solid lines 370 and 372 will be received by the middle layer 306 and 
transmitted to the detector 330 as seen in FIGURE 7. The signals on iines 332 and 334 will be processed 
by circuitry such as that shown in FIGURE 1 to provide an output indicative of the distance to the surface 
350. Note that the angle between dashed lines 340 and 342 and the angle between dashed lines 360 and 
362 is larger than the angle between solid lines 370 and 372. This is due to the higher NA of layers 302 and 

35 304 than layer 306. 

FIGURE 9 shows an embodiment of the present invention for use as a switching proximity sensor for an 
application where it is desired to know when a surface being examined is at a predetermined distance or 
when it is either too near or too far. In FIGURE 9 a probe 400 is shown having a casing 402 wfth an 
aperture 404 at the left end thereof. A lens 410 is shown mounted at the interior left end of the housing 402. 

40 A mounting member 420 is shown within the housing 402 and having a first bore hole 424 through the 
upper portion thereof and into which a first energy transmitter such as an IR producing LED 426 is 
mounted. Energy from the LED 426 passes through the remaining portion of the bore hole 424 and thence 
through the lens 410 and aperture 404 along lines such as shown by dash iines 426 and 428 to illuminate 
an area between points 430 and 432 on a remote surface 434. A second bore hole 440 located in the lower 

45 portion of mounting member 420 has a second energy emitter such as light emitting diode 444 mounted 
therein. LED 444 transmits energy along paths such as shown as dash-dot lines 446 and 448 to illuminate 
the surface 434 between points 450 and 452. As with the prior embodiments, the light emitting diodes 426 
and 444 are at slightly different distances from the remote surface 434 for the same reasons as explained in 
connection with the other figures. A square wave oscillator 460 is shown having a first output on a line 462 

so to a phase shifter 465 which energizes an amplifier 466 to produce a square wave signal on a line 468 to 
energize the light emitting diode 426. The square wave oscillator 460 also produces an output on a line 470 
to energize an amplifier 472 which produces a square wave output on a line 474 to energize the light 
emitting diode 444. The phase shifter 465 causes the signal from light emitting diode 426 to be phase 
shifted with respect to the signal from light emitting diode 444 by, in this case preferably, 180 degrees. 

55 Thus the central portion of surface 434 will be illuminated by energy from both diodes 426 and 444 but of 
opposite phase. The reflected energy will pass along a line such as shown by solid arrow 476 through a 
central bore hole 478 to a detector 480 which is mounted at the right end of central bore hole 478. Detector 
480 will receive Jhe energy from the two light emitting diodes 426 and 444 as reflected from surface 434 
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«im omduce a resultant signal of the first phase or of the 180 degree shifted phase at an output 
SnSiT^T^STta Presented to an amplifier 484 whose output on line 486 is connected to a 
S^e detector sue as a synchronous detector 488. Phase detector 488 also receives a reference phase 
£Z fromlhe square wave oscillator 460 via lines 470 and a line 490. The output of the phase detector 
s 4?8 aoSTrs on a line 492 and is either 0 showing that the surface is at a desired location or ,s of a plus 
SLSfc when the resultant signal is of the first phase showing that the surface is closer than the 
2S pStion or is of a minus characteristic when the resu.tant signal is of the 180- shifted phase 
showtog that the surface is more remote than the desired location. This plus. zero, or minus signal is 
Presented to a comparator 494 which produces an output on a line 496 to indicate when the surface is 
, 0 -near" or "fer" A small capacitor 498 may be connected between the output of amplifier 466 and the .nput 
c^mpLr 484 to supply a small signa. of the 180- shifted phase to cause a "far" indicate when no 
surface 434 is visible within the range of the device. u^,„« a ii„ 
FIGURE 10 shows an alternate embodiment of the present invention wherem the system .s substantially 
reversed from that shown by FIGURE 1. More particularly, where FIGURE 1 utilized two rad.afton emitters 
and one radiation detector. FIGURE 10 utilizes one radiation emitter and two radiation detectors but. as w.ll 
be shown, the basic principle involved is substantially the same. 

In FIGURE 10 the remote object 510 is shown a distance R away from the system as was the case in 
connection with FIGURE 1. A radiation source such as an LED 512 is shown illuminating an area between 
SSTSI ancl 516 of object 10 by radiation being emitted along solid lines 518 and 520. LED is as before. 
20 Preferably an infrared radiation emitting diode and is energized from a drive circuit 530 by a connection 
shown as arrow 532. Drive circuit 530 is connected to an oscillator 536 by means of a connector, shown as 
arrow 538 Srive circuit 530 is operable to change the gain of the signal being suppl ed to LED 512 and was 
noTutSd in connection with FIGURE 1 since changing the gain of two light em,tt,ng diodes could very 
well have introduced errors by changing the intensity of one of the LEDs more than the other. However, w, h 
25 toe use o only one LED, the gain may be changed if that is desired. It should be noted that the angle 
between lens 518 and 520 is rather small so that the area between points 514 and 516 on surface 510 is 
smaller than was the case for the emitters of FIGURE 1. 

A fixation responsive detector 540 is shown viewing an area of object 510 over a tarty w,de angle 
shown by dashed lines 542 and 544. The viewing angle is chosen so that it will include the entire area. 
so between points 514 and 516 that are illuminated by the LED 512. A second radiation response detector 
SoTs shown viewing an area of object 510 over another fairly .arge angle shown by dashec ■ 
554 so as to include the entire area between points 514 and 516 illum.nated by LED 512. Thus both 
detectors 540 and 550 receive energy radiated from LED 512 and reflected back from the area , be^een 
points 514 and 516 on the object 510. It is noted that detector 550 is located a d.stance L closer to the 
35 object 510 than is detector 540 for purposes to be explained hereinafter. 

The output of detector 540 is shown by an arrow 560 and the output of detector 550 is shown by an 
arrow 562. These outputs vary with the amount of radiation received by the detectors 540 and 550 
respectively. More particularly, the AC output of detector 540 will vary with the flux F. receded by detector 
540 in accordance with the equation: 


40 


F 


_ A f jp a sin wt] (17) 

1 r 2 L J 


45 where A is the illuminated area between points 514 and 516. E is the illumination incident upon the , object 
510. P is the reflectivity of the surface and a is the area of the detector 540. In similar fashion, the AC 
output at 562 varys with the flux F*in accordance with the equation: 


50 


A / eP a sin wt l ^ lg) 

H-L) 2 I 7T \ 


F 2 = 

(R+L) 

ss it will be seen that by taking the ratio F./F, all of the factors except R and L cancel out as is seen by the 
equation: 
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V» a - I£±|i 2 (19) 

R 

Of course L is constant so that the ratio of the two fluxes varies in a non-linear fashion with the distance R 
to the remote object. 

The ratio can be obtained in any of a variety of ways, but in FIGURE 10 it is shown by utilizing a phase 
shifter shown as box 570 connected to receive the output 562 of detector 550. Phase shifter 570 operates 
to change the phase of the signal on output 562 by a fairly large amount, for example, 170 degrees, and 
produces a phase shifted output on a connection shown as arrow 572 connected to a summing network 
shown as box 574. The output 560 from detector 540 is also connected to summing circuit 574 and 
summing circuit 574 operates to sum the two outputs 560 and 572 to produce a resultant output on a 
connection shown as arrow 578 connected to a phase detector 580 which, like was the case in connection 
with FIGURE 1, detects the phase of the summed signal. The phase of this signal will be indicative of the 
distance to the remote object by the same analysis as was used in connection with FIGURE 1. More 
particularly, if K is equal to 

-IT 

then from equation (18): 

F 1 = JC. sin(wt-f-0) (20) 


Where * is the phase shift introduced by phase shifter 570 and: 


F 2 = 2 Sin Wt (21) 

(R+L) * 


Solving for the phase of + F2 gives: 
Phase <F 1 +F 2 ) = tan -1 F Sin 0 


R 2 

" 2 + Cos 0 


( R+L) 


(22) 


and as can be seen, the resultant phase varies in a non-linear fashion. The form of equation (22) differs 
from the form of equation (8) due to the phase difference being applied to the rearmost emitter A26 in 
FIGURE 9 and the foremost detector 550 in FIGURE 10. 

46 The output of phase detector 580 representative, of the phase given by equation (22) is presented by a 
connection shown as arrow 582 to a microprocessor shown as box 584 having an output shown as arrow 
590. As explained in connection with FIGURE 1, the microprocessor 584 can operate to linearize the 
otherwise non-linear signal so that the output on line 590 will be a function of the distance R in the same 
manner as it was in connection with FIGURE 1 . 

50 The output from the summing circuit 574 can, if desired, be used as an automatic gain control signal 
shown by an arrow 592 to control the drive circuitry 530 and thus control the intensity of the output from 
LED 512 to increase it when it is too dim or to decrease it when it is too bright Since only one LED is used, 
this is possible where that was not the case in connection with FIGURE 1 . When G is used to express the 
relative gain, then equation (20) above becomes: 

55 
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Phase (Fjl*^ = tan" 1 


Sin 0 


Gr2 -2 + Cos 0 


(R+L) 


(23) 
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50 


55 


One advantage in using FIGURE 10 over that of FIGURE 1 is that it has been found that the output of 
the LEDs in FIGURE 1 have to be very constant in order for the system to work accurately. This may be 
difficult since LEDs are known to be very temperature sensitive and they may not individual! track well w.th 
changes in temperature for different LEDs. In the present case, however, with only one LED there is no 
problem with the difference between the LEDs and the illumination from LED 512 can change wrth 
temperature without affecting the accuracy of the system. It should be realized ^ he ernbod.ment ^shown 
in FIGURE 10 can also be utilized in connection with the embodiment shown in FIGURES 4. 6. 7. and 9 just 
as readily as was the case in connection with FIGURE 1. 

As for example, the various phase angles used may be altered from those shown in the present 
invention, different sources of energy than LEDs and infrared wavelengths may be utilized and other ways 
of detecting phase or measuring the ratio of F, and F, may be employed. If. for example, the energy 
sources 12 and 18 were modulated at different frequencies, then frequency responsive apparatus could be 
employed to separate the two fluxes and take their ratio-. It should also be understood that the use of 
microprocessors is arbitrary and depends on the use involved. 

Whereas in Figures 1 to 10 the distance L is an actual displacement between em«tters or receivers, 
respectively, the present invention provides an equivalent optical distance controlled by lenses of appro- 
priate focal length placed in the radiation paths of the emitters and/or receivers in which event the value of 
"L" may be controlled to any value including zero. This may be desirable where the space available for the 
svstem is limited. Such a system is described with respect to embodiments shown in Figures 11 to 17. 

FIGURE 11 shows an optical arrangement embodying this concept. In FIGURE 11. a radiation emitting 
source such as L.E.D. 610 is shown receiving an input at arrow 612 and producing radiation along lines 
such as 614 and 615 to a first lens 617 which operates to direct the energy along paths such as 619 and 
620 to a remote surface 622. so as to form a spot of radiation between points such as 624 and 625 thereon. 
As with the other FIGURES, surface 622 is preferably partly diffuse so that the optics of the system does 
not have to employ means for eliminating spectral reflections as was done in FIGURE 6. 

A first detector 630 is shown receiving energy along paths such as dashed lines 632 and 633 from a 
second lens 635 which receives energy from the surface 622 between points such as 637 and 638 along 
dashed lines such as 640 and 641. As with FIGURE 10, detector 630 therefore "sees the entire spot 
between point 624 and 625 on surface 622. Detector 630 is shown in FIGURE 11 as being located a 
distance S1 back of lens 635 which, happens to be. in this case, the focal distance F1 also. Because of this 
the detector 630 is effectively seeing the entire exit pupil of lens 635 or. In other words, the virtual image of 
detector 630 fills the back of lens 635. The output from detector 630 is shown by arrow 643 

A second detector 650 is shown located a distance S2 behind a third lens 652 which is shown in 
FIGURE 11 as transmitting radiation along lines such as shown as dash lines 654 and 655. The detector 
650 is mounted in front of the focal point 657 of lens 652. The virtual image of detector 650 ic i shown as 
dash -line box 660 a distance S2' back of lens 652 and the virtual image is, of course, substantially larger 

than the detector 650 itself. 

Lens 652 receives radiation from surface 622 along paths such as shown as dash lines 663 and 664 
from points 637 and 638 on surface 622 and thus, as with FIGURE 10 "sees" the energy from spot 624- 
625. The amount of energy received by detector 650 is, however, less than it would receive had the focal 
length F2 of lens 652 been the same as the distance S2 since not all of the radiation from the lens 652 
strikes the detector 650. More particularly, the amount of radiation received by detector 650 is the same -as 
that that would be received by the virtual image detector 660 located a distance S2' back of lens 652. The 
output of detector 650 is shown as an arrow 668. 

The distance L in FIGURE 11 is shown as the distance between the virtual images of detectors D1 
(which fill lens 635) and D2 (at positions shown by dash lines 660) and is thus much larger than that shown 
in the previous FIGURES even though the actual physical distance from D1 and D2 to the remote surface 
622 is substantially the same. Thus, it is seen that by properly choosing the focal lengths of lenses 635 and 
652. the distance L can be made to be any desired value without actually changing the physical position of 

the detectors 630 and 650. 

It should be noted that FIGURE 11 has been shown like FIGURE 10 employing one light emitter and 
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two detectors, but it should be understood that the lens arrangements of FIGURE 11 could be also be 
employed with the two emitters and detector arrangement of the other FIGURES. Furthermore, the outputs 
643 and 670 of detectors 630 and 650 may be conveniently connected into a circuit such as shown in 
FIGURE 10 as arrows 560 and 562 respectively. Likewise, the input to LED 610 could be conveniently that 

5 • shown by arrow 532 in FIGURE 10. Thus, by connecting the apparatus of FIGURE 11 into the circuitry of 
FIGURE 10, a similar output can be obtained. 

FIGURES 12 through 17 show several different embodiments of a detector arrangement which may be 
employed In the present invention, particularly in those embodiments such as FIGURE 11 that utilize 
lenses. Referring to FIGURE 12, a plurality of lenses are shown front view in a first configuration. A first lens 

io 670, labelled "E" is shown in the center and represents the lens that is used to transmit radiation. It is 
shown in FIGURE 13 a distance S3 in front of the radiation transmitter shown in FIGURE 13 by reference 
numeral 672. In FIGURES 12 and 13, instead of having two single detectors receiving energy reflected from 
the remote surface, the single detectors are replaced by three detectors connected in parallel. Using three 
detectors operates to increase the amount of radiation that can be received from the remote surface so as 

;5 to improve the accuracy of the system. Accordingly, in FIGURE 12, three lenses identified by reference 
numerals 675 and containing the designation D1 therein, are located equally spaced around the central lens 
670. In FIGURE 13, these three lenses have been shown as a single lens 675 for simplicity, but it should be 
understood that there are three lenses which are each placed a distance S1 in front of three separate 
detectors which, in FIGURE 13, are shown as a single detector labelled by reference numeral 677. The 

20 output of the detectors identified as 677 is shown by an arrow 679 so as to provide signals for a circuit such 
as shown in FIGURE 10. 

A second triad of detectors is also employed and accordingly, in FIGURE 12, three more lenses 
identified by reference numeral 681 are shown each containing the designator 02 therein. In FIGURE 13, 
■ these three lenses are shown as a single lens, but it should be understood that all three lenses will be 

25 placed in front of three detectors shown in FIGURE 13 as a single detector identified by reference numeral 
683 a distance S2 in front thereof. In FIGURE 13. as in FIGURE 11, the focal distance for lens 675 is the 
same as distance S1 and accordingly the virtual image of detector 677 will fill lens 675. The focal length of 
lens 681 is greater than the distance S2 and accordingly the virtual image for detector 683 will be shown by 
dash line 685 a distance S2" in back of lens 681. As explained in connection with FIGURE 1 1, the output of 

30 detector D2 will be less than it would be had the focal length of lens 681 been the same as S2 and this 
output is shown as arrow 687. As with FIGURE 11, the distance L is the distance between the virtual images 
of detectors 677 and 683 and is thus fairly large even though the difference between S2 and S1 is fairly 
small. 

The input 673 of LED 672 and the outputs 679 and 687 of detectors 677 and 683 may, as with FIGURE 

35 1 1, be connected to circuitry such as shown in FIGURE 10. 

Some actual values utilized in connection with FIGURES 12 and 13 are as follows: Lens 670 has a 12 
millimeter diameter and a 20 millimeter effective focal length. Emitter 672 has a 1 .3 millimeter diameter and 
the distance S3 is 20.4 millimeters. Accordingly, the angle subtended by the emitter 672 is 0.064 radians 
(1.3 divided by 20.4). Lenses 675 all have a 10 millimeter diameter and a 15 millimeter effective focal 

40 length. The detectors 677 all have a 2.5 millimeter diameter and the distance S1 is 15 millimeters. 
Accordingly, the angle subtended by the detector 677 is 0.167 radians (2.5 divided by 15). The lenses 681 
all have a 20 millimeter diameter and a 40 millimeter effective focal length. The detector 683 has a 1 
millimeter diameter and the distance S2 is 30 millimeters. Under these conditions, the virtual image of 
detector 683 at positions shown by dash lines 685 is 120 millimeters and this virtual image has a diameter 

45 of 4 millimeters (120 divided by 30 x 1). Accordingly, the angle of view of the virtual image of detector 683 
is 0.13 radians (20 - 4 divided by 120). 

FIGURES 14 and 15 show an alternate embodiment in which a pair of emitters is employed in 
combination with a single pair of detectors. More particularly, the LED 700 is actually a pair of LEDs 
connected in series and shown receiving an input along a path such as shown by arrow 702. Both emitters 

so are located at distance S3 behind a lens 705 which is shown in FIGURE 1 4 to be a pair of lenses. Thus, 
energy is transmitted from the energy source as represented by LED 700 through the lenses 705 to the 
remote surface so as to form a spot of energy thereon of greater intensity than could be obtained with one 
emmiter-lens combination. 

A first detector 710, identified as detector D1 is shown located a distance S1 behind a lens 713. As 

55 before, the focal length of lens 713 is the same as distance S1 and accordingly the virtual image of detector 
710 will fill the lens 713. 

A second detector 720 is shown located behind a larger lens 722 by a distance S2. The focal length of 
lens 722 is greater than the distance S2 and accordingly the virtual image of detector D2 will be in a 
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position shown by dash lines 725 located a distance S2' behind lens 722. The distance L is, again, the 
distance between the virtual images of detectors 710 and 720. The output of detector 710 if .shown by 
arrow 727 and the output of detector 720 is shown by arrow 729. As with FIGURES 11 and 13. these 
outputs and the input 702 may be connected into circuits such as shown in FIGURE 10. 
5 The arrangement of FIGURES 14 and 15 creates a greater amount of light on the remote surface wh.cn 
is good for better resolution but will have somewhat less accuracy than that of FIGURES 12 and 13. Some 
actual measurements utilized in connection with FIGURE 15 are as follows: lenses 705 have a 10 millimeter 
diameter and an effective focal length of 15 millimeters. The emitters 700 have a surface which is 13 
millimeters in diameter and the distance S3 is 15.22 millimeters. Accordingly, the angle subtended by the 
10 emitter 700 is 0.085 radians (1.3 divided by 15.22). Lens 731 has a 15 millimeter diameter and an effective 
focal length of 18 millimeters. Detector D1 has a surface of 2.5 millimeters diameter and the distance S1 is 
18 millimeters. Accordingly, the angle subtended by detector D1 is 0.139 radians (2.5 divided by 18). Lens 
722 has a 25 millimeter diameter and a 50 millimeter effective focal length. Detector D2 is located a 
distance 35 millimeters in back of lens 722 and accordingly the virtual image of detector D2 is 117 
millimeters in back of lens 722. The effective diameter of the detector D2 thus becomes 8.3 millimeters 
(117 divided by 35 x 2.5). and the angle of view thereby is 0.142 radians (25 - 8.36 divided by 117). 

FIGURES 16 and 17 show a third embodiment of the detector arrangement of the present invention in 
which two series connected emitters are again employed and a single pair of detectors as was the case in 
connection with FIGURE 15. but in this case the virtual image of one of the detectors is located in front of 
20 its associated lens. More particularly, in FIGURE 17. a pair of emitters such as shown by reference numeral 
850 are located a distance S3 behind a pair of lenses shown as lenses 855. similar to the case in 
connection with FIGURES 14 and 15. A first detector D1. identified by reference numeral 860 is shown 
located a distance S1 behind a lens 865. An output from detector 860 is shown by arrow 867. A second 
detector identified by reference numeral 870 is shown located a distance S2 behind a lens 875 and has an 
25 output shown by arrow 877. In this embodiment, all four of the lenses are identical in size and effective 
focal length. They are shown in FIGURE 16 as being arranged roughly in a diamond or square shape, in the 
present embodiment, the focal length of lens 865 is not the same as distance S1 but is. in fact, slightly less 
than the distance S1 and because of this the image of detector 860 will now be shown in front of lens 865 
by a dashed line box 880. several times larger than detector 860 and located in front of lens 865 by a 
30 distance S1'. 

Lens 875 is arranged similarly to the lenses of FIGURES 15 or 13 in that the focal length thereof is 
greater than the distance S2 and accordingly the virtual image of detector 870 Is shown as dash line 885 
located a distance S2' in back of lens 875. As with the other FIGURES, the outputs 867 and 877 and the 
emitter input 852 may be connected into circuits such as shown in FIGURE 10. 

Some dimensions used in connection with FIGURES 16 and 17 are as follows: Lenses 855 are 20 
millimeters in diameter and 18 millimeters in effective focal length. The emitters 850 have a 1.3 millimeter 
diameter and the distance S3 is 18.33 millimeters. As such, the angle subtended by the emitters 850 is 
0 071 radians (1.3 divided by 18.33). Lens 865 is 20 millimeters in diameter and has an 18 millimeter 
effective focal length. The detector 860 is 1 millimeter in diameter and the distance S1 is 22 millimeters. 
40 Accordingly, the image represented by dash line 880 is in front of lens 865 by a distance S1' equal to 99 
millimeters. The size of this image is 4.5 millimeters (99 divided by 22 * 1) and the angle of view of the 
image detector 880 will be 0.157 radians (20 - 4.5 divided by 99). Lens 875 is 20 millimeters in diameter 
and has an effective focal length of 18 millimeters. Detector 870 is 1 millimeter in diameter and distance S2 
equal to 15 millimeters. Accordingly, the virtual image represented by dash line 885 is located 90 
45 millimeters in back of lens 875 and has a size which is 6 millimeters (90 divided by 15 * 1). The angle of 
view of the image detector 885 is 0.156 radians (20 - 6 divided by 90). 

The arrangement of FIGURES 16 and 17 is an excellent approach for long range operation because the 
size of the emitter lenses is quite large and the focal length is fairly small. Such lenses, however, are 
difficult to create and are fairly expensive. 
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Claims' 


1. Proximity sensing apparatus for use with a remote surface (622) comprising 
ss energy emitting means (610. 672, 700. 850) to direct energy to said remote surface 

first energy detecting means (630, 677, 710. 860) to receive energy reflected from said surface, and 
second energy detecting means (650. 683. 720. 870) to receive energy reflected from said surface, 
characterized by 
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means (635, 652; 675, 681; 713, 722; 865, 875) for causing one of said energy detecting means (630, 677, 
710, 860) to be optically more remote from the surface (622) than the other energy detecting means (650, 
683, 720, 870) so that a comparison of the outputs (643, 668; 679, 683; 727, 729; 867, 877) of the first and 
second energy detecting means is indicative of the distance to the remote surface. 

2. Apparatus according to claim 1, characterized In that said means includes first lense means (635, 
675, 713, 865) mounted in the path of reflected energy to the first energy detecting means (630, 677. 710, 
860) to cause an image of the first energy detecting means which is more remote from the surface than the 
second energy detecting means. 

3. Apparatus according to claim 1, character ized In that said means further includes second lense 
means (652, 681 , 722, 875) in the path of the reflected energy to the second energy detecting means (650, 
683, 720, 870) and having optical characteristics different from the first lense means so that the image of 
the second energy detecting means is optically less remote from the surface -than the image of the first 
energy detecting means. 

4. Apparatus according to claim 1, characterized in that the first energy detecting means (677) 
includes at least two radiation detectors (D1) connected in parallel and the first lense means (675) 
comprises at least two lenses of substantially the same optical characteristics, one lense mounted in the 
path of energy reflected to each radiation detector. 

5. Apparatus according to claims 2 and 3, characterized in that the first and second energy detecting 
means each include at least two radiation detectors (D1 , D2) connected in parallel and the first and second 
lense means (675, 681 ) each comprise at least two lenses of substantially the same optical characteristics, 
one lense mounted in the path of energy reflected to each radiation detector. 

6. Apparatus according to claim 5, character ized in that the energy emitting means (E, 672) is 
positioned at a central location and the lenses (675, 681) are spaced around the central location. 

7. Apparatus according to claim 1 , characterized in that the energy emitting means includes at least 
two energy emitters (700, 850). 

8. Apparatus according to claim 7, characterized by a lense (705, 855) positioned between each 
energy emitter (700, 850) and the surface to direct the energy to the portion of the surface from which the 
detectors receive reflected energy. 
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© A device for measuring the distance to a surface (662) 
comprises first and second energy detecting means (630, 650) 
with said energy detecting means having an optical distance (L) 
with respect to each other. Said optical distance (L) is 
controlled by lenses (635, 652) of appropriate focal length 
placed in the radiation path of said detecting means. Energy 
transmitting means (512) serve to illuminate said surface (662) 
With radiation of a first frequency. By evaluation of the phase 
shift between the output signals (643. 668) of both energy 
detecting means (630, 650) the distance to the remote surface 
can be detected. 
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□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 
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